INTRODUCTION
Understanding the structure and functioning of marine ecosystems requires information on the trophic relationships of key species (Paine 1988) . In coastal food-webs dependent upon upwelling and advection for nutrient input, such as boundary current systems of California, PeruChile, Benguela, Canary Islands, and Somalia, only a few taxa often provide key nutritional links between primary producers and secondary or higher-level consumers, including predatory fish, birds and mammals (Cushing 1975) . Key species of primary consumers include zooplankton (Calanus spp. and Euphausia spp.) and several species of epipelagic fish (Engraulis spp., Sardinops/Sardinax and Clupea spp.); these prey are then consumed by secondary predators, including many marine birds and mammals (Ver- However, evaluation of the structure and dynamics of marine food webs is a complex undertaking because of logistic difficulties which restrict sampling in time and space (Paine 1988) . Moreover, indirect methods of dietary assessment, such as stomach, pellet, or fecal analyses, may provide less than satisfactory results if diet composition is biased by differential rates of digestion (reviewed by Duffy and Jackson 1986, Erilcstad 1990). Fortunately, the ratios of naturally-occurring isotopes of carbon (13C/12C) and nitrogen (15N/14N) in consumer tissues provide insight into food-web structure that can complement conventional dietary assessments. Stable isotope analysis (SIA) can be a useful complement because stable isotope ratios in consumer tissues reflect those in their diet Epstein 1978, 1981) . Metabolic processes involved in the synthesis of proteins in consumers result in preferential loss of the lighter isotope W71 and hence enrichment of the 15N/14N ratio in their tissues. In marine ecosystems a step-wise enrichment of 15N typically occurs with each trophic level (Wada et al. 1987 , Rau et al. 1992 , Hobson et al. 1994 ). This change in isotope ratios between trophic levels appears to be relatively constant at -3%0 (%o = parts per thousand), so measurements of 15N/14N ratios in food-web components can be used to infer trophic relationships. Stable-carbon isotope values provide insight into the source of feeding, including inshore vs. offshore foraging in marine habitats (Hobson et al. 1994) .
Isotopic studies to date have used primarily whole bodies or specific tissues of consumers. For investigation of avian diets, bird eggs are another potential source of material, since they are formed from nutrients derived from the diet of the laying female (Krapu 1981, Afton and Ankney 1991, Schaffner and Swart 1991). The use of eggs as source material is important because knowledge of marine bird diet during egg formation is scant, yet critical for evaluating hypotheses concerning timing of breeding and other life history traits. In this study, we examine species in the coastal marine food-web of the Gulf of the Farallones, California, using a combination of SIA to infer relative trophic position during the early breeding period, and conventional diet studies to infer chick diets later in the season. We compare and contrast these results and discuss the utility of using both approaches to understanding seabird tropho-dynamics in this coastal food-web. We also compare our results with those of Rau et al. (1983) 
STABLE ISOTOPE MEASUREMENTS
A minimum of 2 ml of albumen was extracted from each egg, stored frozen in glass scintillation vials and later freeze-dried. Lateral muscle tissue from fish and marine mammals also was freeze-dried, powdered and subjected to lipid extraction using a Soxhlet apparatus with chloroform solvent. Krill samples were similarly treated, but also were soaked with 1 N HCL to remove carbonates before isotopic analysis. We loaded samples for 13C/12C and 15N/14N analysis in Vycor tubes with wire-form CuO, silver foil, and elemental Cu, then sealed tubes under vacuum and cornbusted the material at 800°C for at least 6 hr. Carbon dioxide and nitrogen gas was separated cryogenically and analyzed using a VG OPTIMA isotope-ratio mass-spectrometer at the National Hydrology Research Institute, Saskatoon, Saskatchewan. Stable isotope concentra-tions are expressed in delta (6) notation as parts per thousand according to the following: 6X = KRsamp,&an& -11 X 1,000 where X is 15N or 13C and R is the corresponding ratio 15N/r4N or r3C/12C. Rtandard for lJN and 13C are atmospheric N, (AIR) and the PDB standard, respectively. Based on numerous measurements of organic standards, the analytical precision of these measurements is estimated to be ? 0.1%0 and 2 0.3%0 for carbon and nitrogen, respectively.
CONVENTIONAL TECHNIQUES OF DIET ASSESSMENT
To quantify food habits of seabirds, we observed adults feeding chicks. Common Murres and Pigeon Guillemots carry single prey items in their beaks to provision chicks, and diet items can be identified, often to species, by trained observers situated in blinds near breeding colonies. We conducted observations on approximately 100 pairs of murres and 50 pairs of guillemots throughout the chick-rearing period (murres: late May through early July; guillemots: late June through mid-August). To quantify food habits of Rhinoceros Auklets, we collected food items from adults captured at SEFI in mist nets opened near dusk, monitored continuously (-1.5 hr.), and closed just after night fall. We conducted at least three capture sessions at each of three locations on the Farallones from 15 June to 30 August. Brandt' s Cormorant diet was determined from analyses of remains in pellets (fish otoliths, squid beaks) collected from nesting areas. A total of 133 pellets from 108 breeding pairs (l-3 pellets per nest) was collected during August-September. Pellets were soaked in water, otoliths were extracted from organic material, dried, and sorted. Otoliths were identified and measured using a dissection microscope and the reference collection of identified otoliths maintained at Point Reyes Bird Observatory (PRBO) or the Museum of Vertebrate Zoology, University of California, Berkeley. Diet of Cassin' s Auklets was based on about 100 regurgitations collected each year from parents returning to feed chicks at night. About 10 collections were made every 10 days throughout chick-rearing, mid-May through July. Each regurgitation was weighed and frozen for analysis. During analysis, otoliths, squid beaks, and whole bodies of crustaceans were separated and counted. Fig. 1) ; overall, species differences were significant (ANOVA: F,, 82 = 70.9, P < 0.001). Krill was significantly different from fish, except for lingcod, sardine, sablefish, and squid (Fig. 1 , Bonferroni inequality, P < 0.001). Among fish, lingcod showed the lowest 615N values and northern anchovy the highest. We found the following statistically significant differences among fish: (1) values for lingcod were lower than those for salmon, anchovy, and short-bellied rockfish, (2) those for sablefish and squid were lower than for anchovy and short-bellied rockfish, and (3) those for sablefish were lower than salmon (Bonferroni inequality, all P < 0.02). Among birds, two distinct groups were evident (Table 1 Trophic levels were approximated from our nitrogen isotope data by applying a trophic enrichment factor throughout the food-web after assuming that krill occupied trophic level 2.5 (Sanger 1987). The isotopic fractionation factor of 3.1%0 was determined previously by Hobson (1995) and corresponds to changes expected between diet and egg albumen. This value is similar to trophic enrichment factors derived for other components of marine food-webs off California and elsewhere (Rau et al. 1983 , Hobson and Welch 1992 . We therefore applied it throughout the seabird food-web of the Gulf of the Farallones (independent of tissue type) as follows: Fig. 1) ; overall, species differences were significant (ANOVA: F,,,,, = 52.2, P < 0.001). The 613C value for krill was significantly less than that for fish (Bonferroni inequality, all P < 0.001). Among fish, lingcod showed the lowest 613C value and northern anchovy the highest. The value for lingcod was significantly lower than those for other fish. The value for salmon was significantly lower than for anchovy and short-bellied rockfish (Bonferroni inequality, all P < 0. Table 1 cottids, and ophiids also were taken, but in relatively low numbers. Adult murres did not feed atively low numbers. crustaceans to their chicks. Cassin' s Auklet. The diet of Cassin' s Auklet chicks was composed of crustaceans, principally two species, Euphausia paci$ca and Thysanoessa spinifera (Table 3) . Mysids (Acanthomysis columbiae) and another euphausiid crustacean, Nyctyphanes simplex, comprised -20% of the diet. Amphipods, decapods, and fish comprised small amounts of the diet.
Common Murre. Principle diet items of Common Murre chicks included juvenile rockfish, mainly Sebastes jordani, and northern anchovy (Engraulis mordax) (Table 4) . Salmon (Onchorhynchus tshawytscha), butterfish (Peprillus simillimus), night smelt (Spirinchus starksi), and cephalopods (Z&go opalescens) each made up < 5% of the diet. Flatfish (bothids and pleuronectids) and other species were consumed in relPigeon Guillemot. We were unable to document the use of prey to the species-level; thus, much of the compositional analysis of Pigeon Guillemot chick diet is restricted taxonomically to the family-level. The diet composition of Pigeon Guillemot chicks was more diverse than that of Common Murre chicks (Table 5) . Rockfish (scorpaenids) and sculpins (cottids) were eaten most frequently, together comprising -90% of the diet. Flatfish (bothids and pleuronectids) comprised -5% of the chick diet. Other prey eaten included pholids and stichaeids (gunnels and warbonnets), clinids and blenniids (kelpfish and blennies), ophidiidsfliparids (cuskeels and snailfish), and cephalopods (squid, but especially octopus).
Rhinoceros Auklet. The diet of Rhinoceros . 1991) ; thus, further isotopic investigations on these species would be informative.
Our findings suggest that some marine birds may have the ability to track the most abundant and/or energetically profitable prey on relatively short time scales. In marine ecosystems characterized by extensive changes in physical oceanographic processes, such as upwelling and coastal advection in the California system, food-web development may be temporarily delayed and spatially variable. In turn, this could have substantial effects on seabird demography. Species able to respond to rapidly changing foraging conditions, or those able to use prey occupying different trophic levels, may have an advantage in being able to maintain relatively constant energy budgets. In variable marine environments, seabirds capable of trophic-level switching may therefore have a greater chance of successful reproduction under unfavorable conditions. Indeed, if we consider interammal variation in the reproductive performance of Common Murres, Cassin' s Auklets, and Western Gulls with that of Brandt' s and Pelagic Cormorants and Pigeon Guillemots on SEFI, the latter group shows considerably more annual variability (Ainley et al. 1995) . Although differences in reproductive effort (clutch size) and foraging range (nearshore vs. pelagic) explain much of these patterns, questions remain concerning which foraging characteristics allow species to follow different reproductive options. Trophic-level switching may provide a mechanism for opportunistic species to cope with limited or uncertain forage reserves.
Results of SIA also are compatible with information on the at-sea foraging habitat of seabirds in the Gulf of the Farallones. In general, organisms which foraged in benthic or nearshore waters of the Gulf of the Farallones were more enriched in 6°C than offshore or pelagic feeders, a pattern found in other marine food webs (Hobson 
